ABSTRACT
Introduction

42
Archaea occur ubiquitously, are abundant in aquatic and terrestrial habitats and play an 43 important role in global biogeochemical cycles (Jarrell et al., 2011) . Marine sediments have been 44 shown to harbor a diverse archaeal community, including ammonia-oxidizing Thaumarchaeota Thermoplasmatales and methanogens have been reported to be predominant (Kubo et al., 2012;  89 Lloyd et al., 2013) , and may contribute to the total archaeal lipid pool in marine sediments.
90
Recent studies have also observed a significant presence of Archaea of the super phylum 91 DPANN, both in surface and subsurface coastal marine sediments (Choi et al., 2016) , as well as 92 in freshwater systems (Ortiz-Alvarez et al., 2016; Ma et al., 2016) . However, their contribution to 93 the sedimentary archaeal lipid pool is expected to be negligible as their small genomes (Castelle 94 et al., 2015) lack the genes of the membrane lipid biosynthetic pathway, suggesting that they rely 95 on host cells or cell debris for the synthesis of their lipids (Waters et al., 2003; Jahn et al., 2004) .
96
Here, we have determined the archaeal abundance and composition, using DNA-based with re-oxygenation of the bottom water taking place in September (Seitaj et al., 2015) . 
124
Total organic carbon (TOC) content was determined on sub-samples that were freeze-dried,
125
ground to a fine powder and analyzed using isotope ratio monitoring mass spectrometry (irm MS; Moore et al. (2015) .
142
The archaeal 16S rRNA gene amplicon sequences were analyzed with QIIME v1. screening by sequencing (n ≥ 30) using M13R primer by BaseClear (Leiden, The Netherlands).
159
Resulting archaeal amoA protein sequences were aligned with already annotated amoA sequences 160 by using the Muscle application (Edgar, 2004) . Phylogenetic trees were constructed with the
161
Neighbor-Joining method (Saitou and Nei, 1987) and evolutionary distances computed using the
162
Poisson correction method with a bootstrap test of 1,000 replicates.
163
Quantification of archaeal 16S rRNA gene copies was performed by quantitative PCR (qPCR),
164
using the primers Parch519F and ARC915R as described by Pitcher et al. (2011b) . 
Lipid extraction and analysis
166
Total lipids were extracted after freeze-drying using a modified Bligh and Dyer method (Bligh
167
and Dyer, 1959) following a protocol described by Lengger et al. (2014 to the lack of quantitative standards (for details see Pitcher et al., 2011b) .
199
The total lipid extract was further analyzed by way of acid hydrolysis to determine the (Table 1 ). In March, the bottom water
208
was fully oxygenated at all stations (299-307 μM), O 2 penetrated to 1.8-2.6 mm in the sediment 209 and no free S 2-was recorded in the first few cm (Hagens et al., 2015) . see Seitaj et al., 2015; Hagens et al., 2015; Sulu-Gambari et al., 2016; Lipsewers et al., 2016) .
223
Sediment TOC content varied slightly between stations and seasons, ranging between 1.8 and 4.4
224
% as described previously (Table 1; Lipsewers et al., 2016) . 
Archaeal 16S rRNA gene diversity and abundance
Archaeal diversity was estimated from 16S rRNA gene amplicon sequencing using universal 227 primers. The archaeal community was dominated by Thaumarchaeota marine group I (MGI) in
228
March at both S1 and S3, with 7282% of the total archaeal reads ( Fig. 2(A) , in all stations, with slightly lower values at S1 (avg. 6 × 10 9 gene copies/g) and 12 × 10 10 gene 240 copies/g for S2 and S3 ( Fig. 2(B) ).
241
The diversity of Thaumarchaeota was further analyzed by way of amplification, cloning and (Table 2) . CL-GDGT abundance was also higher in March (26 to 79 g/g) than in August (5 to 255 15 g/g; Table 2 ). CL-GDGT abundance was also higher than those of IPL-GDGTs at all stations 256 and seasons (Table 2) . At S1 it was on average 3x higher in both March and August. On the other 257 hand, at S2, CL-GDGTs were on average 8x higher than IPL-GDGTs in March and 30x higher in 258 August, with CL-crenarchaeol the most abundant CL-GDGT in August (8 g/g; Table 2 ), 40x Table 2 ). At S3, CL-GDGTs were on average 4x higher in 260 concentration than IPL-GDGTs (Table 2) .
261
The IPL composition was assessed from UHPLC-HRMS analysis and various IPL-GDGTs Thaumarchaeota, as indicated by the amoA gene diversity (Fig. 3) .
280
By multiplying the proportion of 16S rRNA gene reads for the Thaumarchaeota and the 281 DPANN Woesearchaeota by the total Archaea 16S rRNA gene copies/g sediment, we could 282 estimate the abundances of these groups (Table 4 ; assuming one 16S rRNA gene copy number 283 per genome). For Thaumarchaeota, the abundance decreased dramatically at S1 (from 6 × 10 9 284 cells/g to undetected) and at S3 (2 × 10 10 to 1.2 × 10 9 cells/g), while at S2 it remained fairly 285 constant (Table 4) . On the other hand, members of the DPANN Woesearchaeota were the major 286 component of the archaeal population in August at all stations, with absolute numbers increasing
287
(1 × 10 9 to 4.2 × 10 9 cells/g sediment at S1; 2 × 10 9 to 2 × 10 10 cells/g at S2, 6.4 × 10 9 to 1.2 × 288 10 10 cells/g at S3; substantially lower than at S1 and S2 (Table 1) . Although the seasonality changes in 299 physicochemical conditions in the bottom water and porewater induced a large change in the 300 archaeal community diversity, the total archaeal abundance remained fairly constant between 301 seasons and at the different stations ( Fig. 2(B) ). IPLs would be available to sustain the DPANN population detected in the sediments in August. 
Conclusions
379
We observed a dramatic change in the archaeal community composition and lipid abundance in 380 surface sediments of a seasonally hypoxic marine lake, which corresponded to a switch from a Joining method (Saitou and Nei, 1987) . Scale bar indicates 2% sequence dissimilarity.
584
Evolutionary distances were computed using the Poisson correction method with a bootstrap test 585 of 1,000 replicates (values > 50% are shown on the branches). Table 1 Physicochemical parameters for bottom water and surface sediment (0-1 cm) at the three stations (S1-S3) in Lake Grevelingen in spring (March) and summer (August; data included in Seitaj et al., 2015; Sulu-Gambari et al., 2016; Hagens et al., 2015; Lipsewers et al., 2016 Tables Table 2 Abundance and distribution a of IPL-derived (released by acid hydrolysis) and CL-GDGTs (µg/g dry wt) in the surface sediment (0-1 cm) of the three stations (S1-S3) in Lake Grevelingen in spring (March) and summer (August). 
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